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Abstract 
Interest in high quality foods: good taste and a high content of nutrients with healthy beneficial effects are increasing. Fruits have 
good properties but, they are lost because the oxidation process, additionally, for different reasons a 40% of harvested fruit are 
lost. To conserve the fruit properties an ultrasonic assisted spray dryer was developed and tested, comparing its results with 
microwave-vacuum drying technology. Results did shown taste, color, smell, particle shape and size distribution better than the 
conventional one. The antioxidants conservation were quite good except in the anthocyanins, in which the microwave and 
vacuum technology shown best results. 
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
People search foods nutritive as well as with beneficial properties for Health. The blueberries are quite healthy, due 
its high level of total polyphenols, anthocyanins and antioxidant activity, it has been shown preventive effects of 
blueberries active agents against several diseases as cardiovascular diseases, Kruger et al.[1], cancer, Wang and 
Stoner [2], neurodegenerative diseases such the Alzheimer, Shih et al. [3] , and Parkinson, Strathearn et al. [4]. The 
high water content of the fruit allows the existence of microorganisms restricting the availability and quality of 
active agents. Preservation process, such as freezing or drying has been utilized in blueberries, but the anthocyanin 
is thermolabile, experiencing a degradation process with a moderate temperature rise. The thermal degradation of 
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anthocyanins between 50 and 90°C has been studied on several foods, such as juices, fruit and vegetable pasta, 
Shoo-Qian et al. [5], Patras et al. [6], Wang and Xu [7]. A method to preservation of foods is the conventional spray 
drying. Applying this method to fruits, syrup from the crude fruit is prepared and the juice is dried. The question is 
which drying method is preferable, preserving the good fruit characteristics? The answer is neither simple nor 
unique. In this paper a study of ultrasonic-assisted spray drying method (USDM) for berries it is presented, devoting 
special attention to the influence of the process in the product quality. An USDM developed in the Ultrasonic 
Laboratory of Universidad de Santiago de Chile was used to carry out a number of experiments drying blueberries 
juice. It has been studied the size, shape, the contents the total polyphenols, anthocyanins and antioxidant activity of 
the obtained powder. Our results shows the good effect of USDM drying blueberries, it improving the shape, the 
size distribution of powder particles obtained and also the flavor, color and the rheological behavior, but a content of 
anthocyanin’s were lost during the process. 
2. Material and methods 
Sample preparations, the spray dryer, the ultrasonic atomizer, and the analysis of obtained blueberry powder, were 
described, the results were compared with the obtained by a low temperature technique, to keep anthocyanins level. 
 
2.1 Sample 
In the first experiments an important amount of material it finished glued in the dryer walls, also the drying juice 
particles were agglomerated forming a solid and compact material. This problem arises because the sugar content of 
this fruit changes its phase at the drying temperature and it became a melted material. To protect the biological 
material and to avoid than the particles stick when it are drying, it was used encapsulating agents like maltodextrin 
or Arabic gum, Mujumdar [8]. Using fresh blueberries from the south zone of Chile as raw material, stored at 4°C. 
Mixing blueberries juice with maltodextrin at 12 and 42% as encapsulating agent, and water the USDM was applied. 
 
2.2 The dried 
The spray dryer is a laboratory scale device with a processing capacity ranging from 1 to 20 l/h developed in 
Ultrasonic Laboratory at Universidad de Santiago de Chile. It is a cylinder made of steel 5mm thick 2000 mm height 
and 900 mm diameter, equipped with control of temperature between 80 and 300°C (Fig. 1(a)). The systems allow 
producing a slight vacuum in the inner of dryer and it is thermally insulated covered with alumina wool. The system 
has an ultrasonic atomizer situated in the top of the drying chamber Fig 1(b). The inlet and outlet temperatures used 
during the experimentation has been 150°C and 70°C providing a dried powder from a flow equal to 1.6 l/h of 
blueberries juice. To assess if finite element prediction for particle trajectories inside the camber fit with the 
observed (Fig. 1(c)) a window made in borosilicate glass was mounted in the top cover. 
 
2.3 Ultrasonic atomizer 
In ultrasonic laboratory of Universidad de Santiago de Chile, different ultrasonic atomizing devices, allowing the 
production of several beams shape of atomized liquid was built. In the Fig. 2(a), an atomizer with a working 
frequency of 40 kHz it is shown, it is to be noted that the tip of atomizer present a cylindrical flange, the flange is 
vibrating axisymmetrically avoiding glide of the fluid without atomizing. 
In the Fig. 2(b) another design it is shown, the fluid in atomization goes into the vibrating rectangular plate through 
drilled holes in the nodal lines of the plate and goes out by holes drilled in the antinode lines of the plate, the device 
is now under intellectual protection process. For the drying experiments was used an atomizer operating at 17 kHz. 
Because the displacement amplitude correlates with the feeding current of the transducer it is the control variable 
chosen for the atomizer. Operating at 750 mA the displacement amplitude is 28 μm with an atomization capacity 
ranging between 1.6 and 3.2 l/h. 
 
2.4 Blueberries powder 
The size and form of the particles has been determined using microscopy images analysis. The content of active 
agents total polyphenols (TPC) per mg gallic acid equivalent (GAE), total anthocyanins content (TAC) per mg 
cyanidin-3-glucoside equivalent (CGE) and antioxidant activity (AA) per μmol trolox equivalent (TE) has been 
 N. Candia-Muñoz et al. /  Physics Procedia  70 ( 2015 )  867 – 871 869
quantified using HPLC analysis:. The moisture content has been determined gravimetrically using a thermobalance. 
 
 
(a) (b) (c) 
Fig. 1 (a). Spray dryer at laboratory scale; (b) Cover of the dryer with an ultrasonic transducer (c) Particle trajectory. 
 
The blueberries powder has been stored at 4 °C, other sample was stored at room temperature in contact with air. 
 
(a) (b) (c) 
Fig. 2. (a) Ultrasonic atomizer, 40 kHz; (b) Ultrasonic atomizer, 6 kHz, (c) Microwave system. 
 
2.5 Microwave vacuum drying 
A “patron experiment" was done; a fresh sample of blueberry was dried in vacuum with temperatures not 
exceeding the 50°C. It is hypothesized that because the low temperature and oxygen level the oxidation, if there are 
any, will be a minimum. An experimental set-up, consisting domestic microwave oven with the control system 
replaced by a new one (self-designed) allowing control the power and the inner temperature, Fig. 2(c). In the upper 
cover of microwave oven was inserted a vacuum hose, reaching a vacuum chamber made of Pyrex, in its bottom; the 
blueberries were deposited and dried. 
 
3. Results and discussion 
Size and shape powder 
A microscope study of the powder obtained by USDM was done. In the Fig. 3(a) and 3(e) and in the Fig. 3(b) 
and 3(f). we can see the shape for the powder sample drying with 42% and 12% of maltodextrine, respectively. In 
the Fig. 3(c) and 3(g) and in the Fig. 3(d) and 3(h) we can see the shape for the commercial powder 1 and 2 
respectively, the magnification used was, for all the cases, was 5x (upper pictures) and 20x (lower pictures). 
The particles of blueberries powder made by USDM are approximately circulars, Fig. 3(a)-(b) and (e)-(f), the 
commercial powder of blueberries Fig. 3(c)-(d) and (g)-(h), have shape and size irregular. It may be because 
different atomizing devices used in drying system. Histograms for diameter, in pixels, for the pictures, Fig. 3(a) and 
Fig.3(c) were obtained. In the Fig.4 the radius distribution for the particles obtained by USDM are compared with 
the same parameter of commercial powder. Assuming than the projected area of particles are circles, the particle 
size distribution made by USDM was calculated, Fig. 4(a), resulting in an almost normal distribution. The 
distribution radius of commercial powder (Fig. 4(b)) has a clearly bias to 10 μm value, and afterwards decreasing 
exponentially. A conversion scale from pixels to micrometer was done, the calculated diameter for particles dried 
using USDM, going from 34.0 to 38.6 μm Table I. However it is very difficult to assign a characteristic length to the 
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commercial powder. To quantify the particles sphericity, the shape factor ξ, relating the area and the perimeter was 
used, the relationship between these parameters are: 
24
A
p
ξ π=       (1) 
Where A is area and P is perimeter of the circle related with the particle. 
 
Fig. 3. (a), (b), (e), (f). Microscopic pictures blueberries powder made using ultrasound spray drying (magnification 5x and 20x, 
respectively); Fig.5. (c), (d), (g), (h) pictures commercial blueberries powder (magnification 5x and 20x, respectively). 
 
 
(a) (b) 
Fig. 4 (a) Histogram for particle diameter (Fig.3.(a)); (b) Histogram for particle diameter (Fig.3.(c)). 
Table I.  Size of particle for blueberries powder made ultrasound spray drying.  
Picture Particle radius px Pattern mm/px Particle diameter μm 
Fig.3.a 33.5 1735 38.6 
Fig.3.b 29.5 1735 34.0 
 
For spheres, the factor ξ is 1, more near to one; more spherical will be the particles. The distribution of factor ξ of 
powder made by USDM, (Fig.3 (a), (ξ ≈0.8)), is rather narrow, for the commercial powder (Fig.3 (d), with ξ ≈0.5) is 
wide, Fig. 5 (a), (b), this allow a radii estimation for particles produced by USDM (Table I), the wide factor ξ 
distribution of commercial powder do not allow to assign a unique radius to these particles. 
Actives agent content 
The actives agent content for powders obtained using USDM and for fresh fruit was determinate, comparing the 
total polyphenols, anthocyanins and antioxidant activity after the thermal drying processing. The powders 1 and 2 
have been obtained using a 42% and 12% of maltodextrin in weight as encapsulating agent, respectively. The inlet 
temperatures were 150°C and 140°C, respectively. Table II shows that powder 1 and 2 have more total polyphenols 
and antioxidant activity than fresh fruit. Nevertheless, the total anthocyanin content is lower than fresh fruit. This 
may be due to the encapsulating agent, high drying temperature, water added to juice fruit, among other factors. 
Some rheological properties 
The final moisture of blueberries powder, drying using USDM is 6%. The sample has been stored at 4°C during 5 
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months. It was observed that after to be stored, the sample conserves color, flavors and the smell. Powder produced 
by USDM are more fluid than the commercial, it was hypothesized that this effect is because the USDM produce 
particles of almost spherical shape. 
 
 
(a) (b) 
Fig. 5. (a) Distribution of shape factor ultrasound spray drying (b) Distribution of shape factor of commercial powder Fig.3.d. 
Table II. Actives agent content in fresh blueberries: powder 1, 2 and commercial. 
Sample Total polyphenols 
content mg
Total anthocyanins 
content mg
Antioxidant activity 
μmol
Fresh Fruit 2.51 0.880 36.89 
Powder 1 3.45 0.197 48.39 
Powder 2 7.31 0.097 97.62 
Fruit MWV 45.41 14.140 506.61 
Commercial 1 powder 34.67 13.850 458.58 
4. Conclusions 
• Blueberries powder, dried by USDM has a size distribution more narrow than the commercial products. 
• The shape of particles dried By USDM is more spherical and its fluidity is greater than the commercial 
blueberry powder. 
• The active agents of the powder obtained by USDM are greater than in the fresh fruit except of anthocyanin.  
• Because the properties of dried powder are extremely interesting researching in the issue must continue. 
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